Background Negative pressure ventila-
tion provides intermittent non-invasive ventilatory assistance for patients with advanced chronic obstructive lung disease. Upper airway obstruction during sleep, a reported complication of the technique, may, however, limit its clinical applicability. Methods The effects of nocturnal negative pressure ventilation on ventilation and on indices of sleep quality were investigated in five patients with severe chronic obstructive lung disease (mean (SE) FEV, 31% (3%) predicted) who had completed three months of nightly negative pressure ventilation. Subjects underwent overnight polysomnography on consecutive nights, the first night serving as a control and negative pressure ventilation being provided on the second night. Ventilators were adjusted to result in maximum suppression of the peak phasic electromyogram signal from the diaphragm. Results Negative pressure ventilation resulted in substantial increases in episodes of obstructive apnoea and hypopnoea (mean (SE)Ih 59-3 (19-8) v 3-2 (13) on control nights). Most obstructive events, however, were associated with under 3% oxygen desaturation, and the lowest recorded values for overnight oxygen saturation were similar on the two study nights. Negative To assess the activity of the inspiratory muscles, the electromyogram (EMG) of the diaphragm was recorded with surface electrodes placed over the right sixth and seventh intercostal spaces near the costal margin. '5 The EMG signals were processed by a moving time averager (CWE Inc, Ardmore, Pennsylvania) with a time constant of 100 ms after band pass filtering (0-03-10 KHz) and rectification. Diaphragm EMG signals recorded from surface electrodes have been shown to provide a reasonable approximation to those recorded from a bipolar oesophageal electrode."6
The optimal ventilator settings-that is, those that resulted in the maximum reduction of spontaneous inspiratory efforts-were determined at the beginning of the study and were not changed subsequently. The ventilation frequency was set to equal the subject's spontaneous respiratory rate, and the inspiratory time: total time per breath ratio was fixed at 0-4. The peak negative pressure in the pneumosuit was gradually increased until a maximum reduction in the phasic amplitude of the diaphragm EMG signal was observed. SLEEP 
STUDIES
Subjects underwent two overnight polysomnographic studies on consecutive nights at the end of the three months of intermittent negative pressure ventilation. The first night served as a control night, during which subjects were fully instrumented and slept in the negative pressure ventilation set up while breathing spontaneously-although the ventilator cycled, it was not connected to the suit. On the second night negative pressure ventilation was applied with the ventilator settings determined at the beginning of the study.
Sleep was staged in 30 second epochs according to standard criteria.'7 An episode of apnoea was defined as at least 10 seconds without airflow and of hypopnoea as 10 seconds with at least a 50% reduction in airflow as measured by thermocouples. Episodes ofapnoea and hypopnoea had to be associated with movement arousals in order to be scored as such. Apnoea and hypopnoea episodes were divided into those associated with at least a 3% decrement in oxygen saturation (Sao2), and those with less than a 3% reduction. On control nights obstructive apnoea was an episode in which respiratory effort was present, as indicated by thoracoabdominal movements measured by respiratory inductive plethysmography (Respitrace, AMI Inc, Ardsley, New York) as well as phasic EMG activity of the diaphragm. When no such effort was evident apnoea was considered to be of central origin. Mixed apnoea contained periods of both central and obstructive apnoea. As few episodes were observed on control nights, mixed and obstructive events were combined and called obstructive. With negative pressure ventilation apnoea was by definition obstructive as respiratory "effort" was provided by the ventilator.
ANALYSIS
The significance of differences in means between control and negative pressure ventilation (table 2) . The onset of obstructive apnoea and hypopnoea was associated with levels of inspiratory diaphragm EMG activity similar to those of the baseline before the onset of obstruction. The phasic activation increased with the progression of the apnoea or hypopnoea, reaching a maximum with the last obstructed breath.
On the control nights all episodes of obstructive apnoea and hypopnoea occurred during stages 1 and 2 and REM sleep. With negative pressure ventilation 6% of the events occurred during stage 3 or 4. No relationship was evident for the group between the peak negative pressure applied and the apnoea-hypopnoea index.
Furthermore, there was no association between the degree of suppression of the phasic diaphragm EMG and the frequency ofobstructive events.
The baseline oxygen saturation, recorded when subjects were awake and supine in the negative pressure ventilation set up, was similar on the two study nights (table 2) . Despite the increased frequency of disordered breathing events on assisted ventilation nights, the lowest recorded ovemight oxygen saturation was similar on control (81-4% (6-0%)) and negative pressure ventilation (85-6% (2-3%)) nights (table 2) . The mean duration of episodes of apnoea and hypopnoea was also similar on control and negative pressure ventilation nights.
Discussion
Although the therapeutic role of ventilatory muscle rest in patients with chronic obstructive lung disease remains uncertain, preliminary data suggest that intermittent negative pressure ventilation may offer substantial benefit in such patients.7 Upper airway obstruction has long been recognised to be a complication of negative pressure ventilation, and has been observed during sleep in normal subjects8 as well as in patients.>" The purpose of the present study was to define the extent of the problem in a group of patients for whom negative pressure ventilation was being evaluated as a means of providing intermittent ventilatory muscle assistance.
Our findings show that negative pressure ventilation during sleep results in the induction of intermittent upper airway obstruction as well as altered sleep characteristics in patients with severe chronic obstructive lung disease. In so far as very few patients in the larger trial of ventilatory muscle rest chose to sleep with negative pressure ventilation, the results for the sample studied with the current protocol are not likely to be representative of the findings in a randomly selected population. As our subjects decided to apply the apparatus during sleep, they may well have been those who were least affected in terms of upper airway obstruction.
The mechanism ofthe upper airway obstruc- Despite the dramatic increases in the frequency of disordered breathing events with negative pressure ventilation, this did not result in a decrease in the lowest overnight saturation. Furthermore, most episodes of apnoea and hypopnoea were associated with minimal oxygen desaturation. Presumably this was because the subjects studied had relatively intact arousal responses, as suggested by the fairly short duration of the events.
Of potential concern is the disruption of sleep in our subjects on the negative pressure ventilation night. Sleep quality is known to be poor in patients with chronic obstructive lung disease, being characterised by decreased total sleep time, reduced REM sleep, and frequent changes in sleep stage and arousals, possibly as a result of hypoxaemia or hypercapnia or both.23 Negative pressure ventilation resulted in a large increase in the frequency of movement arousals and a small but significant increase in the incidence of changes in sleep stage, as well as alteration of sleep architecture. The efficiency of sleep and frequency of awakenings were not affected. The subjects studied did not complain of increased sleep disturbance or excessive daytime somnolence after three months of nightly negative pressure ventilation, which brings into question the clinical relevance of the measured sleep disturbance. This is not, however, completely surprising because the frequency of apnoea and hypopnoea and indices of sleep fragmentation are not strongly correlated with excessive daytime somnolence in patients with obstructive sleep apnoea. 2425 The results of this study indicate that the application of nocturnal negative pressure ventilation in patients with chronic obstructive lung disease may result in the development of recurrent episodes of apnoea and hypopnoea as well as disrupted sleep. Consideration should be given to the performance of polysomnography in patients for whom negative pressure ventilation is prescribed.
